Bird fancier's lung (BFL) is a pulmonary disease caused by inhalation of avian proteins. The involvement of the microorganisms of droppings has been assumed in the past and this idea still persists today. Our study aimed to compare by immunoprecipitation assay the detection of antibodies against both droppings and microorganisms in the sera of patients (n=15) and asymptomatic exposed controls (n=18). We found that 14/15 BFL patients had negative serological results for isolated microorganisms of the droppings, only one positive against Enterobacter sakasakii. Serological arguments were in accordance with diagnosis in 87 % of cases by testing a la carte antigens from each bird dropping versus 20 % using the standard antigenic panel. Otherwise, the microorganisms antigens issued from dropping flora were negative in 93 % of cases. Consequently, it's preferable to use the total extract from the patient's bird droppings to establish the serodiagnosis of the disease.
Bird fancier's lung (BFL) is one of the most common forms of hypersensitivity pneumonitis (HP) caused by the inhalation of avian proteins located in droppings, blooms and feathers. Produced by feathers, blooms consist of an abundant fine white powder resembling talcum powder [1] .
Pigeons, budgerigars and parrots are the largest producers of blooms as opposed to poultry and singing birds. These differences may explain why the most frequent cases occurred after contact with Columbidae and Psittacidae [2] . The main antigenic substances described as antigenic in the disease were immunoglobulins, serum albumin and intestinal mucin from birds [3] .
Various bacteria (Escherichia coli, Mycobacterium avium, Streptomyces bovis, Pasteurella Chlamydia, Mycoplasma), fungi (Cryptococcus neoformans, Candida albicans, Aspergillus, Mucor) and viruses (Adenoviridae, Herpesviridae, Myxovirus influenzae) have been identified in the dust of pigeon lofts [3] . The involvement of these microorganisms in BFL has been suspected in the past [4] and this is still the case today. As part of the routine BFL serodiagnosis, our laboratory regularly tests the microorganisms of bird droppings to meet the demands of clinicians.
The aim of this study was to compare by immunoprecipitation assay the detection of antibodies in the sera of patients with BFL (n=15) and asymptomatic exposed controls (AEC, n=18). Total extracts of droppings (standard panel and a la carte dropping extract from each bird) and microorganisms (isolated from dropping) were used as antigens.
All the recruited patients were diagnosed at the University Hospital of Besancon (France) and the ULB Erasme Hospital of Brussels (Belgium) according to criteria proposed by Schuyler et al. [5] . BFL patients and AEC were exposed to varied and even atypical species of birds. The standard antigen panel used for routine serological diagnosis included house-made pigeon, budgerigar, canary, hen and duck droppings extracts. This panel did not cover all species of birds, so we developed antigens called a la carte made from bird droppings of each breeder. The standard and a la carte antigens are made within our laboratory as part of the routine diagnosis as previously described [6] .
Briefly, 1 g of the droppings was diluted in 40 ml of 0.1 % (v/ v) Tween 80 solution, and 100 µl were plated onto the following culture media to obtain the best, but not exhaustive representativeness of the microorganisms (bacteria, fungi, actinomycetes): Mueller-Hinton (30 C), DG18 (30 C), R8 medium (52 C), Malt extract agar 2 % (20 C), Actino Difco (30 and 52 C), and Chromagar (30 C). Cultures were checked after seven days of incubation. Microorganisms were identified by macroscopic and microscopic examination. The matrix-assisted laser desorption and ionization time-of-flight (MALDI-TOF) mass spectrometer Micro Flex LT (Bruker Daltonics, Bremen, Germany) was also used to identify the isolate at the species level according to the manufacturer's recommendations. The sample of droppings was then mixed with Coca's solution for seven days. The solution was then filtered and freeze-dried. The lyophilisate obtained was suspended in sterile water and used at a final concentration of 1 mg ml
À1
. The microorganisms isolated from the dropping culture were produced as antigenic extracts [7] and were used in the serological analyses at the same concentration. Double diffusion (DD) was performed as a screening test, and immunoelectrophoresis (IEP) and electrosyneresis on cellulose acetate (ES) were respectively used as confirmation tests with crude antigens from droppings and microorganisms [8] . The results of the serological tests could be interpreted by comparison with an existing threshold. Thresholds are previously determined for each antigen to discriminate patients (clinically proven) from AEC groups.
IEP was performed if at least 2 arcs were obtained with DD. IEP results with 3 arcs for all avian antigens were considered as positive, except for the hen for which 4 arcs were needed as a threshold. The positivity thresholds for ES were different according to the microorganism used. They were previously established by comparing patient and control groups [7] . The positivity thresholds for ES were defined at 4 arcs for the most frequent ubiquist microorganisms in the environment. The thresholds were lower for Eurotium amstelodami (3 arcs), Lichtheimia corymbifera (2 arcs), Saccharomonospora viridis (3 arcs) and Saccharopolyspora rectivirgula (2 arcs) [7] . The results of precipitin arcs obtained for BFL patients and AEC are reported in Table 1 .
The results of the serological tests allowed the classification of patients according to the following 4 groups: precipitins for BFL patients were positive to droppings and negative to microorganisms in 12 cases. In the other three cases, precipitins were negative to both droppings and microorganisms in the first two and positive in the second one. For AEC patients, precipitin reactions to both droppings and microorganisms were always negative.
The a la carte IEP tests against the patients' bird droppings were positive in 13 patients versus only 3 patients using standard panel antigens. These findings highlight the importance of searching for precipitins directly against antigens extracted from the patient's environment [9] . The existence of cross-antigenic reactions is well known but such reactions have thus far been very poorly characterized for avian antigens. Therefore, if a serological test performed with the standard panel is negative, we advise clinicians to provide us with a sample of their patients' bird droppings to test antigens a la carte.
The droppings were a complex mixture of avian and microorganism proteins. The following microorganisms isolated from the dropping cultures were identified at the genus or species level, according to morphological characteristics and/or MALDI-TOF using Bruker database: Aspergillus niger, Aspergillus versicolor, Aspergillus candidus, Aspergillus fumigatus, Aspergillus flavus, Eurotium amstelodami, Penicillium spp., Scopulariopsis sp., Cladosporium spp., Cryptococcus spp., Debaryomyces hanseinii, Rhodotorula rubra, Candida spp., Acremonium sp., Aureobasidium pullulans, Lichtheimia corymbifera, Rhizopus sp., Mucor racemosus, Mucor sp., Fusarium, Thermoactinomyces vulgaris, thermophilic Actinomyces sp., Sacharomonospora viridis, Saccharopolyspora rectivirgula, mesophilic Streptomyces sp., Streptomyces griseoflavus, Bacillus licheniformis and Enterobacter sakasakii.
Some of these microorganisms were involved in HP, such as Aspergillus fumigatus, Aspergillus flavus, T. vulgaris, and Saccharopolyspora rectivirgula for farmer's lung disease, Penicilium sp. for stipatosis or Aureobasidium pullulans for sequoiosis. These fungi are able to reach the alveoli and initiate immune responses. However, only the BFL15 patient showed a positive serological reaction against Enterobacter sakasakii. This Gram-negative bacterium was mainly associated with cases of septicemia and meningitis but was not reported in HP disease. For the control group (n=18), the precipitin tests were negative for both the droppings and the associated microorganisms. Exposed control subjects have precipitin arcs below the thresholds resulting from exposure but without compatible symptoms.
Fungi identified from bird droppings consisted of conidia (spores) with dry or wet cell walls. Some of them were composed of very wide hyphae (Mucorales), whereas others had very small spores (0.8 µm) such as actinomycetes, or even very broad macroconidia (>25 µm) like Fusarium. Finally, the morphology or aeraulic behavior of fungal or actinomycetes spores did not seem to influence the level of sensitization of BFL and AEC ( Table 1 ).
The microorganisms cultivated from the droppings were tested separately by serological tests and the results were below the positivity threshold for 14/15 patients. Conversely, 87 % of proved BFL cases were positive against a la carte dropping extracts from the patients' own birds. Therefore, we observed that the microorganisms of the droppings didn't induce the production of specific antibodies at a sufficiently high level useful to discriminate patients from controls. However, we can't rule out the possibility that these microorganisms could participate in disease processes by acting as cofactors with avian proteins.
The proteins involved in BFL were mainly described as avian immunoglobulins found in bird droppings, blooms and sera [10, 11] .
This research showed that making a la carte antigens for different species or varieties of birds is more useful for BFL diagnosis than using a la carte microorganisms isolated 'Scr0' (negative screening) in the table means that the results of DD analysis were lower than two arcs and Immunoelectrophoresis (IEP) was not performed. The IEP positivity threshold was set at 3 arcs for bird droppings, except in the case of hen droppings for which it was set at 4 arcs. The bird etiology of BFL retained for each patient and the corresponding number of arcs are written in bold. The positivity thresholds for electrosyneresis (ES) were defined at 4 arcs for the most frequent ubiquist microorganisms of the environment. The thresholds were lower for Eurotium amstelodami (3 arcs), Lichtheimia corymbifera (2 arcs), Saccharomonospora viridis (3 arcs) and Saccharopolyspora rectivirgula (2 arcs).
from droppings. In this new series, serological arguments were in accordance with BFL diagnosis in 87 % of cases by testing a la carte antigens from bird droppings but with only 20 % using the standard antigenic panel.
To conclude, immunological tests can be obtained using a standard panel of 5 antigens often requested by clinicians. However, if the results of these tests prove to be negative and if the breeder is exposed to rare species of birds, it is advisable to ask him to provide samples of bird droppings in order to prepare a la carte antigens. Therefore, tests based on the use of these microorganisms are not necessary to establish the serological diagnosis of the disease.
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